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TITLE OF THE INVENTION 

COATED ARTICLE WITH ANTI-REFLECTIVE LAYER(S) SYSTEM 

[0001] This application relates to a coated article including an anti-reflective 

layer(s) system. The anti-reflective layer(s) system may include one or more layers. 

BACKGROUND AND SUMMARY OF THE INVENTION 

[0002] Coated articles are known in the art. For example, U.S. Patent No. 

5,800,933 discloses a coated article with a solar controlling layer system. The '933 
coated article includes: substrate/Ti02/Si3N4/NiCr/Ag/NiCr/Si 3 N4. For example, see 
Fig. 1 of the instant application. In such coatings, the NiCr contact layers function to 
protect the Ag (silver) layer and also serve as adhesion and/or nucleation layers. The 
dielectric layers (i.e., Ti0 2 , Si 3 N 4 ) serve protective functions and also perform anti- 
reflection functions (i.e., they reduce visible reflectance), and as a result serve to 
increase transmission of the overall coated article. Other prior art coatings are similar 
to that shown in Fig. 1, but omit the Ti0 2 layer.. 

[0003] While coated articles such as that shown in Fig. 1 provide good 

ultraviolet (UV) and/or infrared (IR) reflection, they do face problems. Such 
problems often relate to meeting high visible transmission requirements imposed by 
industry standards and/or markets, while simultaneously satisfying UV and/or IR 
needs. The need for higher visible transmission often forces coating designers to 
minimize contact layer thicknesses and/or change contact layer materials to less 
absorbing and/or less durable options. The unfortunate consequence may be marginal 
durability of the coated article if high transmission requirements are to be met. In 
other words, it would be desirable if visible transmission of such articles could be 
increased and/or if visible reflection of such articles could be reduced while 
maintaining good durability. 

[0004] Neutral color is also desirable for coated articles in many applications. 

Unfortunately, many conventional methods of making color of a coated article more 
neutral result in decreased visible transmission and/or increased reflection. 
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Heretofore, it has been difficult to increase visible transmission and reduce reflection, 
while at the same time providing more neutral color and maintaining satisfactory solar 
control or thermal characteristics. 

[0005] In view of the above, it is an object of certain embodiments of this 

invention to provide a solar controlling coated article (i.e., an article including at least 
one layer for reflecting IR and/or UV) having increased visible transmission and/or 
reduced visible reflectance. In certain embodiments of this invention, it is an object to 
combine such high visible transmission and/or reduced reflectance with neutral color 
of the coated article. One or more of these objects is/are achieved by providing such 
coated articles with improved anti-reflection layer(s) system(s). Alternatively, the use 
of such improved anti-reflection layer(s) system(s) may enable coatings to have or 
utilize more robust contact layer(s) (e.g., thicker for better durability) and/or thicker 
silver (Ag) layer(s) (i.e., improved thermal performance) while maintaining similar 
transmission characteristics if increased transmission is not a most desired feature. 

[0006] Another object of this invention is to fulfill one or more of the above- 

listed objects and/or needs. 

[0007] In certain example non-limiting embodiments of this invention, one or 

more of the above-listed objects and/or needs is/are satisfied by providing a coated 
article including a coating supported by a glass substrate, the coating comprising: a 
metallic infrared (IR) reflecting layer sandwiched between first and second contact 
layers; a first dielectric layer having an index of refraction n <= 2.7 (note: all indices 
of refraction "n" herein are at 550 nm) provided between the IR reflecting layer and 
the glass substrate; a second dielectric layer comprising titanium oxide provided over 
the IR reflecting layer; a third dielectric layer comprising silicon oxynitride provided 
over the IR reflecting layer; a fourth dielectric layer comprising silicon oxide 
provided over the IR reflecting layer; and wherein the third dielectric layer 
comprising silicon oxynitride is provided between the second and fourth dielectric 
layers. 

[0008] In other example non-limiting embodiments of this invention, one or 

more of the above-listed objects and/or needs is/are satisfied by providing a coated 
article including a coating supported by a glass substrate, the coating comprising: a 
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metallic infrared (JR.) reflecting layer comprising silver sandwiched between first and 
second contact layers each of which contacts the IR reflecting layer; a first dielectric 
layer having an index of refraction n <= 3.0 provided between the IR reflecting layer 
and the glass substrate; a second dielectric layer comprising silicon oxynitride 
provided over the IR reflecting layer, a third dielectric layer comprising silicon oxide 
provided over the IR reflecting layer, and wherein the second dielectric layer 
comprising silicon oxynitride is provided between the IR reflecting layer and the third 
dielectric layer comprising silicon oxide. Optionally, another dielectric layer 
comprising silicon nitride may be provided between the IR reflecting layer and the 
silicon oxynitride layer. 

[0009] Certain other example non-limiting embodiments of this invention 

fulfill one or more of the above-listed objects and/or needs by providing a coated 
article including a coating supported by a glass substrate, the coating comprising: a 
metallic infrared (IR) reflecting layer sandwiched between first and second contact 
layers which contact the IR reflecting layer; a first dielectric layer having an index of 
refraction n <= 3.0 provided between the IR reflecting layer and the glass substrate; a 
second dielectric layer comprising titanium oxide provided over the IR reflecting 
layer; a third dielectric layer comprising silicon oxide provided over the IR reflecting 
layer; and wherein the second dielectric layer comprising titanium oxide is provided 
between the IR reflecting layer and the third dielectric layer comprising silicon oxide. 

[0010] * In certain example non-limiting embodiments of this invention, silicon 
oxynitride layer(s) may be graded (oxidation graded and/or nitrogen graded) so as to 
vary their respective indices of refraction n throughout their thickness(es) in a desired 
manner. Moreover, titanium oxide layer(s) herein may be index graded (to change the 
index of refraction) by changing the microstructure of the layer throughout its 
thickness. For example, the index of refraction n of titanium oxide can vary as a 
function of crystalline structure and/or packing density in the layer; and such 
microstructure changes can be caused by pressure adjustments, substrate 
temperatures, post-treatment (e.g., heat treatment), deposition rate, angle of incidence, 
and/or substrate surface conditions. 
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[0011] Certain other example non-limiting embodiments of this invention 

fulfill one or more of the above-listed objects and/or needs by providing a coated 
article including a coating supported by a substrate, the coating comprising: a layer 
comprising Ag located between first and second contact layers which contact the layer 
comprising Ag; a first dielectric layer having an index of refraction n <= 3:0 provided 
between the substrate and the layer comprising Ag; a second dielectric layer having 
an index of refraction n=2. 1-2.7 provided over the layer comprising Ag; a third 
dielectric layer having an index of refraction n= 1.4- 1.7 (more preferably n=1.4 to 1.5) 
provided over the layer comprising Ag and over the second dielectric layer, and 
wherein the coated article has a visible transmission of at least 70%, a sheet resistance 
(R s ) <= 20 ohms/sq., and color characterized by a transmissive a* value from -4.0 to 
+2.0, a transmissive b* value from -5.0 to +3.0, a glass side reflective a* value from - 
4.0 to +3.0, and a glass side reflective b* value from -6.0 to +4.0. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0012] FIGURE 1 is a cross sectional view of a prior art coated article. 

[0013] FIGURE 2 is a cross sectional view of a coated article according to an 

embodiment of this invention. 

[0014] FIGURE 3 is a cross sectional view of a coated article according to 

another embodiment of this invention. 

[0015] FIGURE 4 is a cross sectional view of a coated article according to 

another embodiment of this invention. 

[0016] FIGURE 5 is a cross sectional view of a coated article according to 

another embodiment of this invention. 

[0017] FIGURE 6 is a cross sectional view of a coated article according to 

another embodiment of this invention. 

j 

[0018] FIGURE 7 is a cross sectional view of a coated article according to 

another embodiment of this invention. 
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[0019] FIGURE 8 is a cross sectional view of a coated article according to 

another embodiment of this invention. 

[0020] FIGURE 9 is a cross sectional view of a coated article according to 

another embodiment of this invention. 

[0021] FIGURE 10 is a cross sectional view of a coated article according to 

another embodiment of this invention. 

[0022] FIGURE 1 1 is a cross sectional view of a coated article according to 

another embodiment of this invention. 

[0023] FIGURE 12 is a cross sectional view of a coated article according to 

another embodiment of this invention. 

DETAILED DESCRIPTION EXAMPLE EMBODIMENTS OF THE 

INVENTION 

[0024] The instant invention relates to coated articles which may be used in 

applications including but not limited to vehicle windows, architectural windows 
(e.g., IG unit and/or monolithic windows), skylight windows, and/or the like. Coated 
articles according to this invention include an improved anti-reflection layer(s) system 
for reducing visible reflectance and/or increasing visible transmission in coated 
articles that provide solar control (e.g., IR and/or UV reflection) functionality. 
Surprisingly, in certain example embodiments it has been found that certain anti- 
reflection layer(s) systems of the instant invention can both: (a) improve visible 
transmission and/or reduce visible reflectance, while at the same time (b) achieving a 
neutral, or more neutral, color of the resulting coated article. Coated articles 
according to different embodiments of this invention may or may not be heat treated 
in different applications of the invention. 

[0025] Fig. 2 is a cross sectional view of a coated article according to an 

embodiment of this invention. The coated article of Fig. 2 includes a coating 
including, from the glass substrate outwardly (all indices of refraction at 550 nm): 

glass (n=l. 51 at 550) 
titanium oxide (e.g., Ti0 2 ) (n=2.1 to 2.7) 
5 
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nickel-chromium (NiCr) 
silver (Ag) 

nickel-chromium (NiCr) 

titanium oxide (e.g., Ti0 2 ) (n=2.1 to 2.7) 

silicon oxynitride (SiO x N y ) (n=1.45 to 2.0, preferably n=1.6-1.9) 

silicon oxide (e.g., SiC>2) (n=1.4 to 1.7; preferably n=1.45) 

air(n=1.0) 

[0026] As shown in Fig. 2, the contact layers (i.e., NiCr layers) surround and 

contact the IR reflecting Ag layer. The NiCr contact layers provide the most 
immediate chemical protection for the Ag layer, and also serve as adhesion and/or 
nucleation layers. Herein, the NiCr layers are referred to as "contact" layers since the 
contact the IR reflection layer (i.e., the Ag layer). Instead of Ag, other IR reflecting 
materials (e.g., Au) may be used for the IR reflecting layer (this applies to all 
embodiments herein). The thickness of the metallic Ag layer (IR reflecting layer) is 
chosen in order to achieve the desired thermal performance (e.g., the Ag layer may be 
from about 30-200 A thick, more preferably from about 50-160 A thick, in order to 
achieve sheet resistance (R s ) of less than 25 ohms/square, more preferably less than 
20 ohms/square, and most preferably from 2-15 ohms/square. 

[0027] While NiCr is illustrated as the material used for the contact layers, 

other materials may instead be used for the contact layers in alternative embodiments 
of this invention. Such other contact layer materials include, but are not limited to, 
NiCrO x , NiCrN x , NiCrO x N y , Ni, Cr, CrN x , NiO x , TiO x , NbO x , ZnO, A1 2 0 3 , ZnA10 x , 
any combination(s) thereof, or any other suitable material(s) (this applies to all 
embodiments herein). With respect to all embodiments herein, each contact layer 
(e.g., NiCr in Fig. 2) may be from about 3-30 A thick, more preferably from about 5- 
20 A thick, and most preferably from about 7-15 A thick. The contact layer(s) may or 
may not be continuous in different embodiments of this invention. In certain example 
embodiments (see the figures herein), a pair or contact layers surrounds the Ag layer. 
However, in alternative embodiments of this invention, the lower contact layer is 
optional and need not be present. 
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[0028] The lower substantially transparent titanium oxide layer provides anti- 

reflection and/or color modification functions. Optionally, the titanium oxide layer(s) 
herein may be replaced with SiZrN, or any other suitable dielectric which enables the 
same results to be obtained (this applies to all embodiments herein). 

[0029] In general, the Fig. 2 anti-reflection system includes the bottom 

titanium oxide layer and the substantially transparent dielectrics provided on top of 
the NiCr and Ag layers, namely the top titanium oxide layer, silicon oxynitride layer, 
and silicon oxide layer. By gradually decreasing the respective indices of refraction 
"n" from the top NiCr layer (i.e., top contact layer) outwardly toward the air, the anti- 
reflection system of Fig. 2 enables reduced visible reflection and thus increased 
visible transmission to be achieved. The use of silicon oxynitride is particularly 
useful as it can be deposited in different manners (i.e., by adjusting oxygen and 
nitrogen gas flows during the sputtering process) so as to achieve any desired index of 
refraction n from 1.45 up to 2.0, more preferably from 1.6 to 1.9, and most preferably 
an index of refraction n from 1.65 to 1.85. In a similar manner, the use of titanium 
oxide (TiO x , x being from 1.5 to 2.5, e.g., x=2) is also useful as its index of refraction 
n can be varied from 2.1 to 2.7 (more preferably from 2.4 to 2.65) depending upon, 
for example, microstructure changes, e.g., the index n of titanium oxide can vary as a 
function of crystalline structure and/or packing density in the layer. Such 
microstructure changes can be caused by adjustment of oxygen gas flow during the 
sputtering process of the layer, pressure adjustments, substrate temperatures, post- 
treatment (e.g., heat treatment), deposition rate, angle of incidence, and/or substrate 
surface conditions. Surprisingly, as will be shown below in the Examples of this 
embodiment, the anti-reflection system also enables color of the coated article (i.e., 
transmissive and/or glass side reflective color) to move more toward neutral (i.e., a* 
and/or b* is closer to zero, or some other neutral color target such as transmissive 
a*=-2 and transmissive b*=-3.4, than in comparative example CE). With respect to 
reflective color, some in the art consider reflective a*=-l and b*=-1.5 to be the 
ultimate neutral target, thus herein both a reflective color target of a*=-l and b*=-1.5, 
and a reflective color target of a*=0 and b*=0 can be considered "neutral" targets. 
Other neutral targets may also be set or used in different embodiments of this 
invention. Of course, these targets need not be met for neutral color to be achieved. 
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[0030] It has also been found, with respect to any and all embodiments herein, 

that it is often desirable for the dielectric undercoat (i.e., bottom titanium oxide layer 
in Fig. 2) to have an index of refraction n greater than that of the overall weighted 
average index of the overcoat (overcoat refers to all layers above the top NiCr contact 
layer). It has also been found that lower indices of refraction for the dielectric 
overcoat and undercoat are often desirable for thinner Ag layers. As with all 
embodiments herein, the illustrated layers are preferably deposited/formed via 
sputtering, although other deposition techniques may certainly be used in alternative 
embodiments of this invention. 

[0031] It is noted that the substrate is preferably of glass. The glass substrate 

may be clear or colored (e.g., green, grey, etc.) in different embodiments of the 
invention, and may be from about 1-10 mm thick, more preferably from 1-4 mm 
thick. 

EXAMPLE(S) OF FIG. 2 EMBODIMENT 

[0032] The Tables below illustrate Example(s) (Ex.) of the Fig. 2 

embodiment, compared to a Comparative Example(s) (CE) similar to prior art Fig. 1 
of the instant application. Example A (Ex. A) of the Fig. 2 embodiment should be 
compared to Comparative Example A (CE A), since they both have the same basic 
solar control layers (i.e., the Ag and NiCr thicknesses and arrangement are the same 
in both). Likewise, Example B (Ex. B) of the Fig. 2 embodiment should be compared 
to Comparative Example B (CE B), since they both have the same basic solar control 
layers (i.e., the Ag and NiCr thicknesses and arrangement are the same in both). For . 
these simulation examples in the Tables below, the following indices of refraction 
were assumed: for glass, n=1.51; for Si 3 N 4 , n=2.0; for SiO x N y , n=1.72; for Si0 2 , 
n=1.45; and forTi0 2 , n=2.47, all at 550 nm. 

FIRST TABLE: LAYER STRUCTURE (Fig. 2 embodiment) 

Glass Ti0 2 Si 3 N 4 NiCr Ag NiCr Ti0 2 Si 3 N 4 SiO x N y Si0 2 

Ex. A: 3.7mm 213A OA 9A 160A 9A 224A OA 78A 316A 
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CEA: 3.7mm 208A 52A 9A 160A 9A OA 508A OA OA 

Ex. B: 3.7mm 302A OA 9A 120A 9A 22lA OA 50A 377A 
CEB: 3.7mm 216A OA 9A 120A 9A OA 456A OA OA 

SECOND TABLE: OPTICAL PERFORMANCE (Fig. 2 embodiment) 

Tvis a* t b* t Rgiasssidc(g) a* g b* g Rfumside(f) a* f b* f 

Ex. A: 72.4% -3.3 -2.1 10.9% 2.4 -2.0 4.9% 11.8 -7.3 

CEA: 69.4% -4.1 -0.1 12.3% 4.2 -2.6 7.0% 12.8 -11.5 

Ex.B: 78.9% -2.1 -2.4 5.2% -1.4 -1.2 3.3% 2.2 -1.7 

CEB: 74.5% -2.3 -2.1 7.1% -0.1-1.0 3.0% 7.2 -3.2 



[0033] It can be seen from the Tables above regarding the Fig. 2 embodiment 

of this invention, that the anti-reflection system of the instant invention enables not 
only better transmission characteristics (i.e., increased transmission %) and better 
reflection characteristics (i.e., reduced glass side reflection (R g )), but surprisingly also 
at the same time provides color values which moved more toward the neutral (the 
ultimate neutral is a*=0 and b*=0). In particular, Ex. A had better visible 
transmission (higher Tyi S ) than CE A; Ex. A had better glass side reflection flower 
than CE A; and Ex. A had a* t (transmissive a*) and a* g (glass side reflective a*) 
values closer to neutral (i.e., closer to zero, or some other neutral color target such as 
transmissive a*=-2 and transmissive b*=-3.4), as a result of the anti-reflection layer 
system of the Fig. 2 embodiment. 

[0034] Fig. 3 is a cross sectional view of a coated article according to another 

embodiment of this invention. The coated article of Fig. 3 includes a coating 
including, from the glass substrate outwardly (all indices n at 550 nm): 

glass (n=1.51) 
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titanium oxide (e.g., Ti02> (n=2.1 to 2.7) 
nickel-chromium (NiCr) 
silver (Ag) 

nickel-chromium (NiCr) 

titanium oxide (e.g., TiOz) (n=2.1 to 2.7) 

silicon oxide (e.g., Si0 2 ) (n=1.4 to 1.7, preferably n=1.45) 

air(n=1.0) 

[0035] The Fig. 3 anti-reflection system includes the bottom titanium oxide 

layer and the dielectrics provided on top of the NiCr and Ag layers, namely the top 
titanium oxide layer and the silicon oxide layer. By gradually decreasing the 
respective indices of refraction "n" from the top NiCr layer (i.e., top contact layer) 
outwardly toward the air, the anti-reflection system enables reduced visible reflection 
and thus increased visible transmission to be achieved. The use of titanium oxide 
(TiO x , x being from 1.5 to 2.5, e.g., x=2) is also useful as its index of refraction n can 
be varied from 2.1 to 2.7 (more preferably from 2.4 to 2.65). Surprisingly, as will be 
shown below in the Example(s) of this embodiment, the anti -reflection system also 
enables color of the coated article (i.e., transmissive and/or glass side reflective) to 
move more toward neutral (i.e., a* and/or b* is closer to zero, or some other neutral 
color target such as transmissive a*=-2 and transmissive b*=-3.4, as compared to a 
comparative example CE similar to Fig. 1). With respect to reflective color, some in 
the art consider reflective a*=-l and b*=-1.5 to be the ultimate neutral, thus herein 
both a reflective color target of a*=-l and b*=-1.5, and a reflective color target of 
a*=0 and b*=0 can be considered "neutral" colors. 

EXAMPLE(S) OF FIG. 3 EMBODIMENT 

[0036] The Tables below illustrate Example(s) (Ex.) of the Fig. 3 

embodiment, compared to a Comparative Example(s) (CE) similar to prior art Fig. 1 
of the instant application. Example A (Ex. A) of the Fig. 3 embodiment should be 
compared to Comparative Example A (CE A), since they both have the same basic 
solar control layers (i.e., the Ag and NiCr thicknesses and arrangement are the same 
in both). Likewise, Example B (Ex. B) of the Fig. 3 embodiment should be compared 
to Comparative Example B (CE B), since they both have the same basic solar control 
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layers (i.e., the Ag and NiCr thicknesses and arrangement are the same in both). For 
these simulation examples in the Tables below, the following indices of refraction 
were assumed: for glass, n=1.51; for Si 3 N 4 , n=2.0; for SiO x N y , n=1.72; for Si0 2 , 
n=1.45; and for Ti0 2 , n=2.47, all at 550 nm. 

FIRST TABLE: LAYER STRUCTURE (Fig. 3 embodiment) 

Glass TiO a Si 3 N 4 NiCr Ag NiCr Ti0 2 Si 3 N 4 SiO x N y Si0 2 

Ex. A: 3.7mm 3 10A OA 9A 160A 9k 265A OA OA 659A 
CEA: 3.7mm 208A 52A 9A 160A 9A OA 508A OA OA 

Ex. B: 3.7mm 257 A OA 9A 140A 9A 227A OA OA 390A 
CEB: 3.7mm 134A 101 A 9A 140A 9A OA 478A OA OA 

SECOND TABLE: OPTICAL PERFORMANCE (Fig. 3 embodiment) 

Tvis a* t b* t Rgiasssidc(g) a* g b* g Rmmside(f) a*f b*f 
Ex. A: 72.3% -3.3 0.9 12.0% 3.9 -2.6 9.3% 5.8 -13.9 
CEA: 69.4% -4.1 -0.1 12.3% 4.2 -2.6 7.0% 12.8 -11.5 

Ex.B: 76.5% -2.6 -2.6 6.6% 1.2 -1.8 3.2% 8.4 -3.5 
CEB: 70.6% -3.4 -1.1 11.1% 2.8 -2.2 5.2% 12.2 -7.3 



[0037] It can be seen from the Tables above regarding the Fig. 3 embodiment 

of this invention, that the anti-reflection system of the instant invention enables not 
only better transmission characteristics (i.e., increased transmission %) and better 
reflection characteristics (i.e., reduced glass side reflection (Rg)), but surprisingly also 
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at the same time in Example A of the Fig. 3 embodiment provides color values which 
moved more toward the neutral (the ultimate neutral is a*=0 and b*=0) relative to the 
Comparative Example (CE). In particular, Ex. A had better visible transmission 
(higher Tws) than CE A; Ex. A had better glass side reflection Gower Rg) than CE A; 
and Ex. A had a* t (transmissive a*) and a* g (glass side reflective a*) values closer to 
neutral as a result of the anti-reflection layer system of the Fig. 3 embodiment. 

[0038] Fig. 4 is a cross sectional view of a coated article according to another 

embodiment of this invention. The coated article of Fig. 4 includes a coating 
including, from the glass substrate outwardly (all indices at 550 nm): 

glass (n=L51) 

titanium oxide (e.g., Ti0 2 ) (n=2.1 to 2.7) 
nickel-chromium (NiCr) 
silver (Ag) 

nickel-chromium (NiCr) 

titanium oxide (e.g., Ti0 2 ) (n=2.1 to 2.7) 

silicon nitride (e.g., Si 3 N 4 ) (n=1.8 to 2.2, preferably n =2.0) 

silicon oxynitride (SiO x N y ) (n=1.45 to 2.0, preferably n=1.6-1.9) 

silicon oxide (e.g., Si0 2 ) (n=1.4 to 1.7, preferably n=1.45) 

air (n=1.0) 

[0039] The Fig. 4 anti-reflection system includes the bottom titanium oxide 

layer and the dielectrics provided on top of the NiCr and Ag layers, namely the top 
titanium oxide layer, the silicon nitride layer (e.g., Si 3 N 4 , or any other suitable non- 
stoichiometric form of silicon nitride depending upon the index n desired), the silicon 
oxynitride layer, and the silicon oxide layer. By progressively (gradually) decreasing 
the respective indices of refraction V from the top NiCr layer (i.e., top contact layer) 
outwardly toward the air, the anti-reflection system enables reduced visible reflection 
and thus increased visible transmission to be achieved. The use of titanium oxide 
(TiO x , x being from 1.5 to 2.5, e.g., x=2) is also useful as its index of refraction n can 
be varied from 2.1 to 2.7 (more preferably from 2.4 to 2.65). The index of silicon 
oxynitride is similarly variable. Thus, the index n of the silicon oxide is less than that 
of the silicon oxynitride, which is less than that of the silicon nitride, which is less 
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than that of the titanium oxide. Surprisingly, as will be shown below in the 
Example(s) of this embodiment, the anti-reflection system also enables color of the 
coated article (i.e., transmissive and/or glass side reflective) to move more toward 
neutral. 

EXAMPLE(S) OF FIG. 4 EMBODIMENT 

[0040] The Tables below illustrate Example(s) (Ex.) of the Fig. 4 

embodiment, compared to a Comparative Example(s) (CE) similar to prior art Fig. 1 
of the instant application. Example A (Ex. A) of the Fig. 4 embodiment should be 
compared to Comparative Example A (CE A), since they both have the same basic 
solar control layers (i.e., the Ag and NiCr thicknesses and arrangement are the same 
in both). For these simulation examples in the Tables below, the following indices of 
refraction were assumed: for glass, n=1.51; for Si^, n=2.0; for SiO x N y , n=1.72; for 
Si0 2 , n=1.45; and for Ti0 2 , n=2.47, all at 550 nm. 

FIRST TABLE: LAYER STRUCTURE (Fig. 4 embodiment) 

Glass Ti0 2 Si 3 N 4 NiCr Ag NiCr Ti0 2 Si 3 N 4 SiO x N y Si0 2 

Ex. A: 3.7mm 26lA OA 9A 140A 9A 183A 94A 39A 275A 
CE A: 3.7mm 134A lOlA 9A 140A 9A OA 478A OA OA 

SECOND TABLE: OPTICAL PERFORMANCE (Fig. 4 embodiment) 

Tyis a*t b* t RglasssideCg) ** g b* g Rfilraside(f) a* f b*f 

Ex. A: 76.2% -2.6 -2.5 6.4% 1.1 -1.8 3.1% 8.1 -3.3 

CEA: 70.6% -3.4 -1.1 11.1% 2.8 -2.2 5.2% 12.2 -7.3 

[0041] It can be seen from the Tables above regarding the Fig. 4 embodiment 

of this invention, that the anti-reflection system of the instant invention enables not 
only better transmission characteristics (i.e., increased transmission %) and better 
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reflection characteristics (i.e., reduced glass side reflection (Rg)), but surprisingly also 
at the same time in Example A of the Fig. 4 embodiment provides color values which 
moved more toward the neutral relative to the Comparative Example (CE). In 
particular, Ex. A had better visible transmission (higher T V i S ) than CE A; Ex. A had 
better glass side reflection Qower Rg) than CE A; and Ex. A had a* t (transmissive a*) 
and a* g (glass side reflective a*) color values closer to neutral as a result of the anti- 
reflection layer system of the Fig. 4 embodiment. 

[0042] Fig. 5 is a cross sectional view of a coated article according to another 

embodiment of this invention. The coated article of Fig. 5 includes a coating 
including, from the glass substrate outwardly (all indices at 550 nm): 

glass (n=1.51) 

titanium oxide (e.g., Ti0 2 ) (n=2.1 to 2.7) 
nickel-chromium (NiCr) 
silver (Ag) 

nickel-chromium (NiCr) 

titanium oxide (e.g., Ti0 2 ) (n=2.1 to 2.7) 

silicon oxynitride (SiO x N y )(n=1.45 to 2.0, preferably n=1.6-1.9) 

air (n=1.0) 

[0043] The Fig. 5 anti-reflective system includes the bottom titanium oxide 

layer and the dielectrics provided on top of the NiCr and Ag layers, namely the top 
titanium oxide layer and the silicon oxynitride layer. By gradually decreasing the 
respective indices of refraction "n" from the top NiCr layer (i.e., top contact layer) 
outwardly toward the air, the anti-reflection system enables reduced visible reflection 
and thus increased visible transmission to be achieved. The use of titanium oxide 
(TiO x , x being from 1.5 to 2.5, e.g., x=2) is also useful as its index of refraction n can 
be varied from 2.1 to 2.7 (more preferably from 2.4 to 2.65). The index of refraction 
of the silicon oxynitride layer is similarly variable as discussed above. Surprisingly, 
as will be shown below in the Example(s) of this embodiment, the anti-reflection 
system also enables color of the coated article (i.e., transmissive and/or glass side 
reflective) to move more toward neutral. 
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EXAMPLE(S) OF FIG. 5 EMBODIMENT 

[0044] The Tables below illustrate Example(s) (Ex.) of the Fig. 5 

embodiment, compared to a Comparative Example(s) (CE) similar to prior art Fig. 1 
of the instant application. Example A (Ex. A) of the Fig. 5 embodiment should be 
compared to Comparative Example A (CE A), since they both have the same basic 
solar control layers (i.e., the Ag and NiCr thicknesses and arrangement are the same 
in both). For these simulation examples in the Tables below, the following indices of 
refraction were assumed: for glass, n=1.51; for Si3N 4 , n=2.0; for SiO x N y , n=1.72; for 
Si0 2 , n=1.45; and for Ti0 2 , n=2.47, all at 550 nm. 

FIRST TABLE: LAYER STRUCTURE (Fig. 5 embodiment) 

Glass Ti0 2 Si 3 N 4 NiCr Ag NiCr Ti0 2 Si 3 N 4 SiO x N y Si0 2 

Ex. A: 3.7mm 256A OA 9A 140A 9A 176A OA 333A OA 
CEA: 3.7mm 134A lOlA 9A 140A 9A OA 478A OA OA 

SECOND TABLE: OPTICAL PERFORMANCE (Fig. 5 embodiment) 

Tyis a* t b* t Rglasssidc(g) a* g b* g Rnimside(f) a *f b *f 

Ex. A: 76.3% -2.6 -2.5 6.5% 1.3 -1.8 3.2% 8.8 -3.5 
CEA: 70.6% -3.4 -1.1 11.1% 2.8 -2.2- 5.2% ■■ 12.2 -7.3 



[0045] It can be seen from the Tables above regarding the Fig. 5 embodiment 

of this invention, that the anti-reflection system of the instant invention enables not 
only better transmission characteristics (i.e., increased transmission %) and better 
reflection characteristics (i.e., reduced glass side reflection (Rg)), but surprisingly also 
at the same time Example A of the Fig. 5 embodiment provides color values which 
moved more toward the neutral (the ultimate neutral is a*=0 and b*=0, or 
alternatively some other rather neutral target as discussed above) relative to the 
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Comparative Example (CE). In particular, Ex. A had better visible transmission 
(higher Tws) than CE A; Ex. A had better glass side reflection Cower Rg) than CE A; 
and Ex. A had a* t (transmissive a*) and a* g (glass side reflective a*) values closer to 
neutral as a result of the anti-reflection layer system of the Fig. 5 embodiment 

[0046] Fig. 6 is a cross sectional view of a coated article according to another 

embodiment of this invention. The Fig. 6 embodiment differs from the Fig. 3 
embodiment, in that the upper titanium oxide layer is TiO x where x may be different 
in different embodiments of the invention. The coated article of Fig. 6 includes a 
coating including, from the glass substrate outwardly (all indices n at 550 nm): 

glass (n=1.51) 

titanium oxide (e.g., Ti0 2 ) (n=2.1 to 2.7) 
nickel-chromium (NiCr) 
silver (Ag) 

nickel-chromium (NiCr) 
TiO* (n=2.1 to 2.7) 

silicon oxide (e.g., Si0 2 ) (n=1.4 to 1.7, preferably n=1.45) 
air(n=1.0) 

[0047] The Fig. 6 anti-reflection system includes the bottom titanium oxide 

layer and the dielectrics provided on top of the NiCr and Ag layers, namely the top 
titanium oxide layer and the silicon oxide layer. By gradually decreasing the 
respective indices of refraction "n" from the top NiCr layer (i.e., top contact layer) 
outwardly toward the air, the anti-reflection system enables reduced visible reflection 
and thus increased visible transmission to be achieved. The type of titanium oxide 
may be different in different embodiments of this invention (TiO x , x being from 1.5 to 
2.5, e.g., x=2). In addition, irrespective of x, the microstructure of the titanium oxide 
layer may optionally be changed in order to change its index of refraction n, which 
can be varied from 2.1 to 2.7 (more preferably from 2.4 to 2.65). Surprisingly, as will 
be shown below in the Example(s) of this embodiment, the anti-reflection system also 
enables color of the coated article (i.e., transmissive and/or glass side reflective) to 
move more toward neutral. 
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EXAMPLE(S) OF FIG. 6 EMBODIMENT 

[0048] The Tables below illustrate Examples (Exs. A-C) of the Fig. 6 

embodiment, compared to a Comparative Example(s) (CE) similar to prior art Fig. 1 
of the instant application. Each of the different Examples A-C utilized a top titanium 
oxide layer with a different index of refraction. In particular, in Ex. A the index of 
refraction of the top titanium oxide layer was n=2.47, while in Ex. B the index of 
refraction of the top titanium oxide layer was n=2.57, and in Ex. C the index of 
refraction of the top titanium oxide layer was n=2.65. Examples A-C should be 
compared to Comparative Example (CE), since they all have the same basic solar 
control layers (i.e., the Ag and NiCr thicknesses and arrangement are the same in 
both). For these simulation examples in the Tables below, the following indices of 
refraction were assumed: for glass, n=1.51; for Si 3 N 4 , n=2.0; for SiO x N y , n=1.72; for 
Si0 2 , n=1.45; and for the bottom Ti0 2 , n=2.47, all at 550 nm (the index n of the top 
titanium oxide layer varied as discussed above). 

FIRST TABLE: LAYER STRUCTURE (Fig. 6 embodiment) 

Glass TiOz Si^ NiCr Ag NiCr TiO x Si 3 N 4 SiO x N y Si0 2 

Ex. A: 3.7mm 257A OA 9A 140A 9A 227A OA OA 390A 

Ex. B: 3.7mm 258A OA 9A 140A 9A 216A OA OA 396A 

Ex. C: 3.7mm 258A OA 9A 140A 9k 213A OA OA 397A 

CE: 3.7mm 134A lOlA 9A 140A 9A OA 478A OA OA . 



SECOND TABLE: OPTICAL PERFORMANCE (Fig. 6 embodiment) 





Tvis 


a*, 


b* t 


Rglass side (g) 


a* 




RfUm side (0 


a* f 


b* f 


Ex. A: 
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-2.6 


-2.6 


6.6% 


1.2 


-1.8 


3.2% 


8.4 


-3.5 


Ex. B: 


77.4% 


-2.3 


-2.7 


5.7% 


-0.3 


-1.7 


3.1% 


5.0 


-2.3 


Ex. C: 


77.9% 


-2.2 


-2.8 


5.5% 


-1.5 
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CE: 70.6% -3.4 -1.1 11.1% 2.8 -2.2 5.2% 12.2 -7.3 

[0049] It can be seen from the Tables above regarding the Fig. 6 embodiment 

of this invention, that the anti-reflection system of the instant invention enables not 
only better transmission characteristics (i.e., increased transmission %) and better 
reflection characteristics (i.e., reduced glass side reflection (R g )), but surprisingly also 
at the same time provides color values which moved more toward the neutral relative 
to the Comparative Example (CE). In particular, each of Examples A-C had better 
visible transmission (higher Tvis) than the Comparative Example CE; had better glass 
side reflection (lower R g ) than the CE; and had a* t (transmissive a*) and a* g (glass 
side reflective a*) values close to neutral as a result of the anti-reflection layer system 
of the Fig. 6 embodiment. 

[0050] Further with respect to the Fig. 6 embodiment, it can be seen that 

optical performance improves as the index n of the titanium oxide layer progressively 
increases from 2.47 (Ex. A) to 2.57 (Ex. B), and then to 2.65 (Ex. C). In this regard, 
Ex. C had the best visible transmission (i.e., highest) and the lowest glass side 
reflection (lowest) of the three examples. Example C also had the best a* color values 
for neutral color. Thus, it can be seen that in certain embodiments of the Fig. 6 
embodiment, it is desirable to have the index n of the titanium oxide layer (TiO x ) at a 
value from n= 2.55 to 2.70, more preferably from 2.6 to 2.7 in certain example 
embodiments. 

[0051] Fig. 7 is a cross sectional view of a coated article according to another 

embodiment of this invention. The coated article of Fig. 7 includes a coating 
including, from the glass substrate outwardly (all indices at 550 nm): 

glass (n=1.51) 

titanium oxide (e.g., Ti0 2 ) (n=2.1 to 2.7) 

silicon nitride (e.g., Si 3 N 4 ) (n=1.8 to 2.2, preferably n=2.0) 

nickel-chromium (NiCr) 

silver (Ag) 

nickel-chromium (NiCr) 

silicon nitride (e.g., Si 3 N 4 ) (n=1.8 to 2.2, preferably n=2.0) 
titanium oxide (e.g., Ti0 2 ) (n=2.1 to 2.7) 
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silicon oxynitride (SiO x N y )(n=1.45 to 2.0, preferably n= 1.6- 1.9) 
silicon oxide (e.g., Si02> (n=1.4 to 1.7, preferably n=1.45) 
air (n= 1.0) 

[0052] The Fig. 7 anti-reflective system includes the bottom titanium oxide 

layer as well as the bottom silicon nitride layer (stoichiometric, or non-stoichiometric 
such as Si-rich), and the dielectrics provided on top of the NiCr and Ag layers, 
namely the top silicon nitride layer (stoichiometric, or non-stoichiometric such as Si- 
rich), the titanium oxide layer, the silicon oxynitride layer, and the silicon oxide layer. 
By gradually decreasing the respective indices of refraction V from the top NiCr 
layer (i.e., top contact layer) outwardly toward the air (except for the top silicon 
nitride layer), the anti-reflection system enables reduced visible reflection and thus 
increased visible transmission to be achieved. This embodiment illustrates that thin 
(e.g., from about 10-150A thick, more preferably from about 30-70A thick, and most 
preferably about 40-60A thick) protective silicon nitride layers can be positioned on 
either side of the Ag layer so as to contact the respective contact NiCr layers, thereby 
sandwiching the NiCr contacts and the Ag layer therebetween. These additional 
silicon nitride layers can improve mechanical and/or chemical characteristics of the 
film, and surprisingly this does not cause significant loss of optical advantages 
associated with anti-reflection systems of the instant invention. For example, even 
with the presence of the protective silicon nitride layers of the Fig. 7 embodiment, the 
anti-reflection system still enables optical improvement (higher visible transmission), 
and has approximately the same color characteristics in many respects as the 
comparative example CE. Thus, this Fig. 7 embodiment enables mechanical and/or . 
chemical durability to be improved (via the added silicon nitride protective layers), 
without sacrificing significant visible transmission or color performance 
improvement. 

EXAMPLE(S) OF FIG. 7 EMBODIMENT 

[0053] The Tables below illustrate Example(s) (Ex.) of the Fig. 7 

embodiment, compared to a Comparative Example(s) (CE) similar to prior art Fig. 1 
of the instant application. Example A (Ex. A) of the Fig. 7 embodiment should be 
compared to Comparative Example A (CE A), since they both have the same basic 
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solar control layers (i.e., the Ag and NiCr thicknesses and arrangement are the same 
in both). For these simulation examples in the Tables below, the following indices of 
refraction were assumed: for glass, n=1.51; for Si 3 N 4 , n=2.0; for SiO x N y , n=1.72; for 
Si0 2 , n=L45; and forTi0 2 , n=2.47, all at 550 nm. 

FIRST TABLE: LAYER STRUCTURE (Fig. 7 embodiment) 

Glass Ti0 2 Si3N 4 NiCr Ag NiCr Si 3 N* Ti0 2 Si 3 N 4 SiO x N y Si0 2 

Ex. A: 3.7mm 232A 50A 9A 120A 9A 50A 162A OA 62A 366A 
CEA: 3.7mm 216A OA 9A 120A 9A OA OA 456A OA OA 

SECOND TABLE: OPTICAL PERFORMANCE (Fig. 7 embodiment) 

Tws a* t b* t Rgbsssideu) a* g b* g Rfiimside(f) a* f b*f 

Ex. A: 77.8% -2.3 -2.4 5.6% 0.3 -1.6 3.1% 5.5 -2.5 

CEA: 74.5% -2.3 -2.1 7.1% -0.1 -1.0 3.0% 7.2 -3.2 

[0054] It can be seen from the Tables above regarding the Fig. 7 embodiment 

of this invention, that the anti-reflection system of the instant invention enables not 
only better transmission characteristics (i.e., increased transmission %), but also better 
mechanical and/or chemical durability, due to the presence of the protecti ve silicon 
nitride layers. 

[0055] Fig. 8 is a cross sectional view of a coated article according to another 

embodiment of this invention. The coated article of Fig. 8 includes a coating 
including, from the glass substrate outwardly (all indices n at 550 nm): 

glass (n=1.51) 

titanium oxide (e.g., Ti0 2 ) (n=2.1 to 2.7) 
nickel-chromium (NiCr) 
silver (Ag) 
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nickel-chromium (NiCr) 

silicon nitride (e.g., Si 3 N 4 ) (n=1.8 to 2.2, preferably n=2.0) 
silicon oxynitride (SiO x N y )(n=1.45 to 2.0, preferably n=1.6-1.9) 
silicon oxide (e.g., Si0 2 ) (n=1.4 to 1.7, preferably n=1.45) 
air (n=L0) 

[0056] In the Fig. 8 anti-reflective system, by progressively decreasing the 

respective indices of refraction "n" from the dielectric (silicon nitride) adjacent the top 
NiCr layer (i.e., top contact layer) outwardly toward the air, the anti-reflection system 
enables reduced visible reflection and thus increased visible transmission to be 
achieved. As discussed above, the index of refraction n of the silicon oxynitride layer 
is variable so as to fit between the respective indices of the silicon oxide and the 
silicon nitride. Surprisingly, as will be shown below in the Example(s) of this 
embodiment, the anti-reflection system also enables color of the coated article (i.e., 
transmissive and/or glass side reflective) to move more toward neutral. 

EXAMPLE(S) OF FIG. 8 EMBODIMENT 

[0057] The Tables below illustrate Example(s) (Ex.) of the Fig. 8 

embodiment, compared to a Comparative Example(s) (CE) similar to prior art Fig. 1 
of the instant application. Example A (Ex. A) of the Fig. 8 embodiment should be 
compared to Comparative Example A (CE A), since they both have the same basic 
solar control layers (i.e., the Ag and NiCr thicknesses and arrangement are the same 
in both). For these simulation examples in the Tables below, the following indices of 
refraction were assumed:, for glass, n=1.51; for Si 3 N 4 , n=2.0; for SiO x N y , n=1.72; for 
Si0 2 , n=1.45; and for Ti0 2 , n=2.47, all at 550 nm. 

FIRST TABLE: LAYER STRUCTURE (Fig. 8 embodiment) 

Glass Ti0 2 Si 3 N 4 NiCr Ag NiCr Ti0 2 Si 3 N 4 SiO x N y Si0 2 

Ex. A: 3.7mm 3 10A OA 9A 90A 9A OA 230A 177A 239A 
CEA:. 3.7mm 302A 8A 9A 90A 9A OA 508A OA OA 
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SECOND TABLE: OPTICAL PERFORMANCE (Fig. 8 embodiment) 

Tvis a* t b* t Rgiasssidc(g) a* g b* g Rfiimsidc(o a *f b*f 

Ex. A: 78.6% -2.1 -1.8 4.5% -0.3 -0.9 4.7% 2.0 -1.8 

CEA: 78.4% -2.2 -1.3 5.4% -0.8 -0.4 3.6% 2.4 -1.8 

[0058] It can be seen from the Tables above regarding the Fig. 8 embodiment 

of this invention, that the anti-reflection system of the instant invention enables not 
only better transmission characteristics (i.e., increased transmission %) and better 
reflection characteristics (i.e., reduced glass side reflection (Rg))> but surprisingly also 
at the same time Example A of the Fig. 8 embodiment provides color values which 
moved more toward the neutral relative to the Comparative Example (CE). In 
particular, Ex. A had better visible transmission (higher Tvis) than CE A; Ex. A had 
better glass side reflection (lower Rg) than CE A; and Ex. A had a* t (transmissive a*) 
and a* g (glass side reflective a*) values close to neutral as a result of the anti- 
reflection layer system of the Fig. 8 embodiment. 

[0059] Fig. 9 is a cross sectional view of a coated article according to another 

embodiment of this invention. The coated article of Fig. 9 includes a coating 
including, from the glass substrate outwardly (all indices at 550 nm): 

glass (n=1.51) 

titanium oxide (e.g., Ti0 2 ) (n=2.1 to 2.7) 

silicon nitride (e.g., Si 3 N 4 ) (n=L8 to 2.2, preferably n=2.0) 

nickel-chromium (NiCr) 

silver (Ag) 

nickel-chromium (NiCr) 

titanium oxide (e.g., Ti0 2 ) (n=2.1 to 2.7) 

silicon oxide (e.g., Si0 2 ).(n=1.4 to 1.7, preferably n=1.45) 

air (n=1.0) 

[0060] The Fig. 9 anti-reflection system includes the bottom titanium oxide 

and silicon nitride layers, and the dielectrics provided on top of the NiCr and Ag 
layers, namely the top titanium oxide layer and the silicon oxide layer. By gradually 
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decreasing the respective indices of refraction "n" from the top NiCr layer (i.e., top 
contact layer) outwardly toward the air (i.e., the silicon oxide layer having a small 
index n than the top titanium oxide layer), the anti-reflection system enables reduced 
visible reflection and thus increased visible transmission to be achieved. The use of 
titanium oxide (TiO x , x being from 1.5 to 2.5, e.g., x=2) is useful as its index of 
refraction n can be varied from 2.1 to 2.7 (more preferably from 2.4 to 2.65). 
Surprisingly, as will be shown below in the Example(s) of this embodiment, the anti- 
reflection system also enables color of the coated article (i.e., transmissive and/or 
glass side reflective) to move more toward neutral. 

EXAMPLE(S) OF FIG. 9 EMBODIMENT 

[0061] The Tables below illustrate Example(s) (Ex.) of the Fig. 9 

embodiment, compared to a Comparative Example(s) (CE) similar to prior art Fig. 1 
of the instant application. Example A (Ex. A) of the Fig. 9 embodiment should be 
compared to Comparative Example A (CE A), since they both have the same basic 
solar control layers (i.e., the Ag and NiCr thicknesses and arrangement are the same 
in both). Likewise, Example B (Ex. B) of the Fig. 9 embodiment should be compared 
to Comparative Example B (CE B), since they both have the same basic solar control 
layers (i.e., the Ag and NiCr thicknesses and arrangement are the same in both). For 
these simulation examples in the Tables below, the following indices of refraction 
were assumed: for glass, n=1.51; for SisN^ n=2.0; for SiO*N y , n=1.72; for Si0 2 , 
n=1.45; and for Ti0 2 , n=2.47, all at 550 nm. 

FIRST TABLE: LAYER STRUCTURE (Fig. 9 embodiment) 

Glass Ti0 2 Si3N 4 NiCr Ag NiCr Ti0 2 Si 3 N 4 SiO x N y Si0 2 

Ex. A: 3.7mm 202A 157A 9A 80A 9A 244A OA OA 476A 
CEA: 3.7mm 233A 85A 9A 80A 9A OA 509A OA OA 



Ex. B: 3.7mm 129A 24lA 9A 70A 9A 232A OA OA 52lA 
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CEB: 3.7mm 174A 152A 9A 70A 9A OA 512A OA OA 
SECOND TABLE: OPTICAL PERFORMANCE (Fig. 9 embodiment) 

Tvis a* t b*t Rgiasssidc(g) a* g b* g Rfilmside(f) a*f b*f 

Ex. A: 80.2% -2.2 -1.5 6.0% 0.0 -1.6 3.8% 2.9 -2.0 
CEA: 78.4% -2.2 -1.2 5.7% -0.8 -LI 3.7% 2.6 -1.9 

Ex.B: 79.6% -2.0 -1.3 6.6% -LI -0.7 3.7% 1.6 -1.7 
CEB: 78.0% -2.1 -1.0 6.4% -1.4 -1.3 3.8% 2.0 -1.8 

[0062] It can be seen from the Tables above regarding the Fig. 9 embodiment 

of this invention, that the anti-reflection system of the instant invention enables better 
visible transmission characteristics (i.e., increased transmission %) than the 
Comparative Examples CE. 

[0063] Fig. 10 is a cross sectional view of a coated article according to another 

embodiment of this invention. The coated article of Fig. 10 includes a coating 
including, from the glass substrate outwardly (all indices at 550 nm): 

glass (n=L51) 

titanium oxide (e.g., Ti0 2 ) (n=2.1 to 2.7) 

silicon nitride (e.g., Si 3 N 4 ) (n=L8 to 2.2, preferably n=2.0) 

nickel-chromium (NiCr) 

silver (Ag) 

nickel-chromium (NiCr) 

silicon nitride (e.g., Si 3 N 4 ) (n=1.8 to 2.2, preferably n=2.0) 
silicon oxynitride (SiO x N y )(n=1.45 to 2.0, preferably n= 1.6-1.9) 
silicon oxide (e.g., Si0 2 ) (n=L4 to 1.7, preferably n=1.45) 
air(n=1.0) 
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[0064] The Fig. 10 anti-reflective system includes the bottom titanium oxide 

and silicon nitride layers and the dielectrics provided on top of the NiCr and Ag 
layers, namely the top silicon nitride layer, the top silicon oxynitride layer and the 
silicon oxide layer. By gradually decreasing the respective indices of refraction "n" 
from the top NiCr layer (i.e., top contact layer) outwardly toward the air, the anti- 
reflection system enables reduced visible reflection and thus increased visible 
transmission to be achieved. Surprisingly, as will be shown below in the Example(s) 
of this embodiment, the anti-reflection system also enables color of the coated article 
(i.e., transmissive and/or glass side reflective) to move more toward neutral. A 
significant advantage associated with the Fig. 10 embodiment is that each of the upper 
dielectric layers comprises Si so that all three can be deposited using a single Si target 
or a group of Si target(s) thereby avoiding the need for other target types in the sputter 
coater; only the gas flow(s) need be varied between the three layers. 

EXAMPLE(S) OF FIG. 10 EMBODIMENT 

[0065] The Tables below illustrate Example(s) (Ex.) of the Fig. 10 

embodiment, compared to a Comparative Example(s) (CE) similar to prior art Fig. 1 
of the instant application. Example A (Ex. A) of the Fig. 10 embodiment should be 
compared to Comparative Example A (CE A), since they both have the same basic 
solar control layers (i.e., the Ag and NiCr thicknesses and arrangement are the same 
in both). Likewise, Examples B-D (Exs. B-D) of the Fig. 10 embodiment should be 
compared to Comparative Example B (CE B), since they all have the same basic solar 
control layers (i.e., the Ag and NiCr thicknesses and arrangement are the same in 
both). For these simulation examples in the Tables below, the following indices of 
refraction were assumed: for glass, n=1.51; for Si 3 N 4 , n=2.0; for SiO x N y , n=1.72; for 
Si0 2 , n=1.45; and for Ti0 2 , n=2.47, all at 550 nm. 

FIRST TABLE: LAYER STRUCTURE (Fig. 10 embodiment) 

Glass Ti0 2 Si 3 N 4 NiCr Ag NiCr TiQ 2 Si 3 N 4 SiO x N y Si0 2 



Ex. A: 3.7mm 120A 102A 9A 120A 9A OA 298A 184A 79A 
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OA OA 



Ex. B: 3.7mm 60A 


236A 


9A 


90A 


9A OA 


237A 


90A 


346A 


Ex. C: 3.7mm 180A 


119A 


9A 


90A 


9A oA 


257A 


250A 


74A 


Ex. D: 3.7mm 240A 


6lA 


9A 


90A 


9A oA 


353A 


168A 


42A 


CEB: 3.7mm OA 


433A 


9A 


90A 


9A oA 


426A 


OA 


OA 


Ex.E: 3.7mm 120A 


196A 9A 


70A 


9A oA 


196A 


317A 


noA 


CEE: 3.7mm 174A 


152A 


9A 


70A 


9A oA 


512 


oA 


oA 


SECOND TABLE: OPTICAL PERFORMANCE (Fig. 10 embodiment) 




Tvis 


a*. 


b*« 


Rglass side (g) 


a* g b* g 


Rfilmside(0 


a*f 


b* f 


Ex. A: 73.3% 


-2.7 


-1.6 


9.1% 




1.3 -1.9 


4.0% 


9.6 


-4.0 


CEA: 67.3% 


-2.2 


4.0 


16.9% 


-2.5 -7.5 


8.8% 


2.3 ■ 


-20.8 


Ex. B: 75.9% 


-2.2 


-1.3 


6.5% 




0.0 -2.2 


3.2% 


5.6 


-2.4 


Ex. C: 78'. 1% 


-2.1 


-1.7 


5.1% 




-0.7 -1.6 


3.2% 


3.5 


-2.0 


Ex. D: 78.5% 


-2.1 


-1.7 . 


5.2% 




-1.4. -0.6 


3.4% 


2.1 


rl.7 


CEB: 75.1% 


-2.5 


-0.6 


5.3% 




2.4 -8.5 


3.3% 


7.5 


-0.7 


Ex.E: 78.5% 


-1.9 


-1.4 


5.6% 




-1.9 -0.9 


3.2% 


1.8 


-1.6 


CEE: 78.0% 


-2.1 


-1.0 


6.4% 




-1.4 -1.3 


3.8% 


2.0 


-1.8 



[0066] It can be seen from the Tables above regarding the Fig. 10 embodiment 

of this invention, that the anti-reflection system of the instant invention enables better 
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transmission characteristics (i.e., increased transmission %) and/or better reflection 
characteristics (i.e., reduced glass side reflection (Rg)). This embodiment also 
enables more neutral color in some instances. For example, Examples A-E of the Fig. 
10 embodiment exhibit better (higher) transmission than their comparative example 
(CE) counterparts. Certain examples (e.g., Exs. A and E) also exhibit better reflection 
(i.e., low glass side reflection) characteristics than their CE counterparts. More 
neutral color was also achieved in Exs. B-D. Surprisingly, it can be seen from Exs. B- 
D that transmission gets better (higher) as the thickness of the underlying titanium 
oxide layer increases; thus in certain example embodiments of this invention it is 
desirable for the bottom titanium oxide layer (below the Ag) to have a thickness of at 
least 120 A, more preferably from about 120-250 A for rather thick Ag layers (i.e., the 
optimum titanium oxide index of refraction depends upon the Ag layer thickness). 
[0067] Fig. 1 1 is a cross sectional view of a coated article according to another 

embodiment of this invention. The coated article of Fig. 1 1 includes a coating 
including, from the glass substrate outwardly (all indices n at 550 nm): 

glass (n=1.51) 

titanium oxide (e.g., Ti0 2 ) (n=2.1 to 2.7) 

silicon nitride (e.g., Si 3 N 4 ) (n=1.8 to 2.2, preferably n =2.0) 

nickel-chromium (NiCr) 

silver (Ag) 

nickel-chromium (NiCr) 

silicon oxynitride (SiO x N y ) (n=1.45 to 2.0, preferably n=1.6-1.9) 
silicon oxide (e.g., Si0 2 ) (n=1.4 to 1.7, preferably. n=1.45) 
air (n=1.0) 

[0068] The Fig. 1 1 anti-reflection system includes the bottom titanium oxide 

and silicon nitride layers and the dielectrics provided on top of the NiCr and Ag 
layers, namely the top silicon oxynitride and oxide layers. By progressively 
(gradually) decreasing the respective indices of refraction "n" from the top NiCr layer 
(i.e., top contact layer) outwardly toward the air, the anti-reflection system enables 
reduced visible reflection and thus increased visible transmission to be achieved. The 
use of silicon oxynitride is useful in that its index of refraction n can be varied as 
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discussed above depending upon, for example, the amount of oxygen and/or nitrogen 
gas used during its sputtering. A significant advantage associated with the Fig. 1 1 
embodiment is that each of the upper dielectric layers comprises Si so that both upper 
dielectric layers can be deposited using a single Si target or a group of Si target(s) 
thereby avoiding the need for other target types in the sputter coater; only the gas 
flow(s) need be varied between the two layers. 

EXAMPLE(S) OF FIG. 1 1 EMBODIMENT 

[0069] The Tables below illustrate Example(s) (Ex.) of the Fig. 1 1 

embodiment, compared to a Comparative Example(s) (CE) similar to prior art Fig. 1 
of the instant application. Example A (Ex. A) of the Fig. 11 embodiment should be 
compared to Comparative Example A (CE A), since they both have the same basic 
solar control layers (i.e., the Ag and NiCr thicknesses and arrangement are the same 
in both). For these simulation examples in the Tables below, the following indices of 
refraction were assumed: for glass, n=1.51; for Si 3 N 4 , n=2.0; for SiO x N y , n=1.72; for 
Si0 2 , n=1.45; and forTi0 2 , n=2.47, all at 550 nm. 



FIRST TABLE: LAYER STRUCTURE (Fig. 11 embodiment) 

Glass Ti0 2 Si 3 N 4 NiCr Ag NiCr Ti0 2 Si 3 N 4 SiO x N y Si0 2 

Ex. A: 3.7mm 27A 45A 9A 70A 9A OA OA 566A 16A 

CEA: 3.7mm. 174A 152A 9A 70A 9A OA 512A OA OA 

SECOND TABLE: OPTICAL PERFORMANCE (Fig. 1 1 embodiment) 

Tvis a* t b* t Rgiassside(g) a* g b* g Rf,imsidc<o a* f b* f 

Ex. A: 79.3% -2.2 -1.6 4.7% 0.3 -0.9 5.1% 2.7 -2.2 

CEA: 78.0% -2.1 -1.0 6.4% -1.4 -1.3 3.8% 2.0 -1.8 
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[0070] It can be seen from the Tables above regarding the Fig. 1 1 embodiment 

of this invention, that the anti-reflection system of the instant invention enables better 
transmission characteristics (i.e., increased transmission %) and better reflection 
characteristics (i.e., reduced glass side reflection (Rg)). Neutral color is also realized. 
In particular, Ex. A had better visible transmission (higher Tvi S ) than CE A; Ex. A had 
better glass side reflection (lower Rg) than CE A. 

[0071] Fig. 12 is a cross sectional view of a coated article according to another 

embodiment of this invention. The coated article of Fig. 12 includes a coating 
including, from the glass substrate outwardly (all indices at 550 nm): 

glass (n=1.51) 

titanium oxide (e.g., Ti0 2 ) (n=2.1 to 2.7) 
nickel-chromium (NiCr) 
silver (Ag) 

nickel-chromium (NiCr) 

silicon oxynitride (SiO x N y ) (n=1.45 to 2.0, preferably n= 1.6- 1.9) 
air (n=1.0) 

[0072] The Fig. 12 anti-reflection system includes the bottom titanium oxide 

layer and the dielectric silicon oxynitride provided on top of the NiCr and Ag layers. 
Surprisingly, the use of silicon oxynitride on the top of the metal layers results in 
increased visible transmission and reduced glass side reflection as compared to using 
silicon nitride on top of the metal layers. Neutral color is also achievable in certain 
example embodiments. 

EXAMPLE(S) OF FIG. 12 EMBODIMENT 

[0073] The Tables below illustrate Example(s) (Ex.) of the Fig. 12 

embodiment, compared to a Comparative Example(s) (CE) similar to prior art Fig. 1 

of the instant application. Example A (Ex. A) of the Fig. 12 embodiment should be 

compared to Comparative Example A (CE A), since they both have the same basic 

solar control layers (i.e., the Ag and NiCr thicknesses and arrangement are the same 

in both). For these simulation examples in the Tables below, the following indices of 

refraction were assumed: for glass, n=1.51; for Si 3 N4, n=2.0; for SiO x N y , n=1.72; for 

Si0 2 , n=1.45; and for Ti0 2 , n=2.47, all at 550 nm. 
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FIRST TABLE: LAYER STRUCTURE (Fig. 12 embodiment) 

Glass Ti0 2 Si 3 N 4 NiCr Ag NiCr Ti0 2 Si3N 4 SiO x N y Si0 2 

Ex. A: 3.7mm 29lA OA 9A 80A 9A OA OA 568A OA 
CEA: 3.7mm 233A 85 A 9A 80A 9A OA 509A OA OA 

SECOND TABLE: OPTICAL PERFORMANCE (Fig. 12 embodiment) 

Tyis a* t b* t Rglasssidc(g) a* g b* g Rfilraside(f) a *f b *f 

Ex. A: 79.0% -2.0 -1.8 4.6% -1.0 0.1 4.5% 2.1 -2.2 
CEA: 78.4% -2.2 -1.2 5.7% -0.8 -1.1 3.7% 2.6 -1.9 

[0074] It can be seen from the Tables above regarding the Fig. 12 embodiment 

of this invention, that the anti-reflection system of the instant invention enables better 
transmission characteristics (i.e., increased transmission %) and better reflection 
characteristics (i.e., reduced glass side reflection (Rg)) than the CE which is similar to 
prior art Fig. 1. Neutral color is also realized. In particular, Ex. A had better visible 
transmission (higher T^) than CE A, and better glass side reflection (lower Rg) than 
CEA. 

[0075] In the Fig. 12 embodiment, as well as all other embodiments herein, 

the silicon oxynitride layer may have a constant index of refraction n through its . 
entire (or most of its) thickness (e.g., n=L72). However, it also may be oxidation 
and/or nitrogen graded throughout its thickness so that its refractive index "n" 
progressively or gradually changes (e.g., decreases ) throughout its thickness from one 
side to the other (i.e., it is index graded). For example, by adjusting the oxygen 
and/or nitrogen gas used in depositing the silicon oxynitride layer during its 
sputtering, its index of refraction n may change from about 1.8 (or even 2.0) at the 
portion of the silicon oxynitride layer closest to the Ag layer to a lesser value of about 
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1.6 (or even 1.5) at the portion of the layer closer to air. By grading the silicon 
oxynitride layer in such a manner, the index of refraction can progressively decrease 
moving toward air in order to increase visible transmission and/or reduce reflection of 
the overall coated article. 

[0076] With respect to neutrality of color, in certain example embodiments of 

this invention coated articles (monolithic and/or IG units) have: (a) transmissive a* 
values from -^.0 to +3.0, more preferably from -4.0 to +2.0, even more preferably 
from -2.5 to +1.0; and most preferably from -2.5 to +0.5; (b) transmissive b* values 
from -5.0 to +4.0, more preferably -3.0 to +2.0, even more preferably from -2.0 to 
+2.5, and most preferably from -1.0 to +2.0; (c) glass side reflective a* values from - 
5.0 to +3.0, more preferably from -3.5 to +3.5, even more preferably from -3.0 to 
+1.0, and most preferably from -2.5 to +0.5; and/or (d) glass side reflective b* values 
from -6.0 to +4.0, more preferably -4.0 to +2.5, even more preferably from -3.5 to 
+2.0, and most preferably from -2.5 to +1.0. As for visible transmission (Tvi S ), coated 
articles according to certain example embodiments of this invention have a visible 
transmission (Tyis) (HI. C, 2 degree observer) of at least 70%, more preferably of at 
least 74%, and most preferably of at least 77% (e.g., for a glass thickness of from 1-4 
mm). Coated articles according to certain example embodiments of this invention 
have a glass side reflectance (Rg) <= 15%, more preferably <= 10%, even more 
preferably <=8%, and most preferably <= 6% (it is noted that glass side reflectance in 
this regard is a function of thickness of the Ag layer; the thicker the Ag layer the 
higher the glass side reflectance but also the better the thermal properties of the coated 
article - so there are tradeoffs in different embodiments of this invention). The 
aforesaid characteristics apply to heat treated and/or non-heat treated coated articles 
according to this invention. 

[0077] As for color, it is noted that when put in an IG unit, the color of a 

monolithic coated article tends to shift in the green direction. This is why small 
positive a* values can be tolerated and often desired in monolithic coated articles 
intended to be used in IG units. 

[0078] While the illustrated embodiments discussed above each include only a 

single TR reflecting layer (e.g., Ag), it is noted that in alternative embodiments of this 
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invention additional IR reflecting layers) (e.g., Ag) may be provided. Thus, AR 
systems herein may be applied over a single Ag layer stack as illustrated in Figs. 2-12, 
or alternatively may be provided over double or even triple Ag layer stacks as will be 
recognized by those skilled in the art. Moreover, additional layer(s) may be added to 
coated articles according to this invention, either between the illustrated coatings and 
the substrate, over the illustrated coatings and the substrate, and/or between layers of 
the illustrated coatings. Thus, referring to Fig. 2 for purposes of example, while the 
silicon oxynitride layer is located between the silicon oxide and titanium oxide layers, 
other additional layer(s) may in some instances also be provided between the silicon 
oxide and titanium oxide layers (i.e., the term "between" as used herein does not mean 
that a first layer located "between" two other layers has to contact those other layers). 

[0079] Thicknesses of the contact (e.g., NiCr) layers and the IR reflecting 

layer(s) (e.g,. Ag) are discussed above. With respect to other layer thicknesses, 
bottom titanium oxide layers according to example embodiments of this invention 
may be from 10-600 A thick, more preferably from 50-300 A thick, and most 
preferably from 50-250 A thick. Bottom silicon nitride layers herein (i.e., between 
the Ag layer and the substrate) in certain example embodiments of this invention may 
be from about 10-600 A thick, more preferably from 25-450 A thick, and most 
preferably from 50-350 A thick. Top titanium oxide layers (i.e., above the Ag) in 
certain example embodiments of this invention may be from 10-500 A thick, more 
preferably from 50-300 A thick. Top silicon nitride layers in certain example 
embodiments of this invention may be from 10-600 A thick, more preferably from 50- 
• 500 A thick, and most preferably from 50-400 A thick. Silicon oxynitride layers 
according to certain example embodiments of this invention may be from 20-800 A 
thick, more preferably from 40-600 A thick. Silicon oxide layers according to 
example embodiments of this invention may be from about 10-700 A thick, more 
preferably from 20-600 A thick, and most preferably from 50-500 A thick. Moreover, 
while these materials are used in certain examples of this invention, they are not to be 
limiting unless specifically claimed as other layer material(s) may instead be used in 
the general nature of the instant invention. 
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[0080] While the invention has been described in connection with what is 

presently considered to be the most practical and preferred embodiment, it is to be 
understood that the invention is not to be limited to the disclosed embodiment, but on 
the contrary, is intended to cover various modifications and equivalent arrangements 
included within the spirit and scope of the appended claims. 
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CLAIMS 

1. A coated article including a coating supported by a glass substrate, the 
coating comprising: 

a metallic infrared (IR) reflecting layer sandwiched between first and 
second contact layers; 

a first dielectric layer having an index of refraction n <= 2.7 provided 
between the IR reflecting layer and the glass substrate; 

a second dielectric layer comprising titanium oxide provided over the 
IR reflecting layer, 

a third dielectric layer comprising silicon oxynitride provided over the 
IR reflecting layer; 

a fourth dielectric layer comprising silicon oxide provided over the IR 
reflecting layer, and 

wherein the third dielectric layer comprising silicon oxynitride is 
provided between the second and fourth dielectric layers. 

2. The coated article of claim 1, wherein the third dielectric layer 
comprising silicon oxynitride contacts at least one of the second and fourth dielectric 
layers. 

3. - The coated article of claim 1, wherein the coated article has a visible 
transmission of at least 70%, a sheet resistance (R s ) of no greater than 20 
ohms/square, and a glass side reflectance <=15%. / 

4. The coated article of claim 1, wherein the coated article has a visible 
transmission of at least 74%. 

5. The coated article of claim 1, wherein the first dielectric layer 
comprises titanium oxide. 
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6. The coated article of claim 1, wherein the titanium oxide comprises 

Ti0 2 . 

7. The coated article of claim 1, further comprising a layer(s) comprising 
silicon nitride provided between at least one of: (a) the first dielectric layer and the IR 
reflecting layer, and (b) the third dielectric layer and the IR reflecting layer. 

8. The coated article of claim 1, wherein the IR reflecting layer comprises 
Ag, and wherein at least one of the first and second contact layers comprises NiCr. 

9. The coated article of claim 1, wherein the IR reflecting layer comprises 
Ag, and wherein each of the first and second contact layers comprises NiCrO*. 

10. The coated article of claim 1, wherein the IR reflecting layer comprises 
Ag, and wherein at least one of the first and second contact layers comprises NiCrN x . 

11. The coated article of claim 1, wherein the coated article has color 
characterized by: a transmissive a* value from -4.0 to +2.0, a transmissive b* value 
from -5.0 to +4.0, a glass side reflective a* value from -3.5 to +3.5, and a glass side 
reflective b* value from -6.0 to +4.0. 

12. The coated article of claim 1 1, wherein the coated article has color 
characterized by at least one of a transmissive a* value from -2.5 to +1.0, and a glass 
side reflective a* value from -3.0 to +1.0. 

13. The coated article of claim 1, wherein the third dielectric layer 
comprising silicon oxynitride is tuned so as to have an index of refraction n from 1.6 
to 1.9. 



14. The coated article of claim 1, wherein the third dielectric layer 
comprising silicon oxynitride is at least one of oxidation graded and nitrogen graded, 
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so that an index of refraction n of the third dielectric layer comprising silicon 
oxynitride changes from a first value in a first portion of the third dielectric layer to a 
lower second value in a second portion of the third dielectric layer, wherein the 
second portion of the third dielectric layer comprising silicon oxynitride with the 
smaller index of refraction n is further from the IR reflecting layer than is the first 
portion of the third dielectric layer. 

15. The coated article of claim 1, wherein the second dielectric layer 
comprising titanium oxide is index graded so that an index of refraction n of the 
second dielectric layer comprising titanium oxide changes from a first value in a first 
portion of the second dielectric layer to a smaller second value in a second portion of 
the second dielectric layer, wherein the second portion of the second dielectric layer 
comprising titanium oxide with the smaller index of refraction n is further from the IR 
reflecting layer than is the first portion of the second dielectric layer. 

16. The coated article of claim 1, further comprising a dielectric layer 
comprises silicon nitride provided between the second dielectric layer comprising 
titanium oxide and the third dielectric layer comprising silicon oxynitride. 

17. The coated article of claim 16, wherein the silicon nitride comprises 

Si 3 N 4 . 

18. A coated article including a coating supported by a glass substrate, the 
coating comprising: 

a metallic infrared (IR) reflecting layer sandwiched between first and 
second contact layers which contact the IR reflecting layer; 

a first dielectric layer having an index of refraction n <= 3.0 provided 
between the IR reflecting layer and the glass substrate; 

a second dielectric layer comprising titanium oxide provided over the 
IR reflecting layer, 
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a third dielectric layer comprising silicon oxide provided over the IR 
reflecting layer; and 

wherein the second dielectric layer comprising titanium oxide is 
provided between the IR reflecting layer and the third dielectric layer comprising 
silicon oxide. 

19. The coated article of claim 18, wherein the second and third dielectric 
layers contact one another. 

20. The coated article of claim 18, wherein the coated article has a visible 
transmission of at least 70%, a sheet resistance (R s ) of no greater than 20 
ohms/square, and a glass side reflectance <=15%. 

21. The coated article of claim 18, wherein the coated article has a visible 
transmission of at least 74%. 

22. The coated article of claim 18, wherein the titanium oxide comprises 
Ti02 and the silicon oxide comprises Si02. 

23. The coated article of claim 18, wherein the IR reflecting layer 
comprises Ag, and wherein each of the first and second contact layers comprises Ni 
and Cr. 

24. The coated article of claim 18, wherein the coated article has color 
characterized by: a transmissive a* value from -4.0 to +2.0, a transmissive b* value 
from -5.0 to +4.0, a glass side reflective a* value from -3.5 to +3.5, and a glass side 
reflective b* value from -6.0 to +4.0. 

25. The coated article of claim 24, wherein the coated article has color 
characterized by at least one of a transmissive a* value from -2.5 to +1.0, and a glass 
side reflective a* value from -2.5 to +0.5. 
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26. The coated article of claim 18, wherein the second dielectric layer 
comprising titanium oxide is index graded so that an index of refraction n of the 
second dielectric layer comprising titanium oxide changes from a first value in a first 
portion of the second dielectric layer to a smaller second value in a second portion of 
the second dielectric layer, wherein the second portion of the second dielectric layer 
comprising titanium oxide with the smaller index of refraction n is further from the IR 
reflecting layer than is the first portion of the second dielectric layer. 

27. A coated article including a coating supported by a glass substrate, the 
coating comprising: 

a metallic infrared (IR) reflecting layer comprising silver sandwiched 
between first and second contact layers which contact the IR reflecting layer; 

a first dielectric layer having an index of refraction n <= 3.0 provided 
between the IR reflecting layer and the glass substrate; 

a second dielectric layer comprising titanium oxide provided over the 
IR reflecting layer; 

a third dielectric layer comprising silicon oxynitride provided over the 

JR reflecting layer; and 

wherein the second dielectric layer comprising titanium oxide is 
provided between the IR reflecting layer and the third dielectric layer comprising 
silicon oxynitride. 

28. The coated article of claim 27, wherein the second and third dielectric 
layers contact one another. 

29. The coated article of claim 27, wherein the coated article has a visible 
transmission of at least 70%, a sheet resistance (R s ) of no greater than 20 
ohms/square, and a glass side reflectance <=15%. 
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30. The coated article of claim 27, wherein the titanium oxide comprises 
Ti02 and the first dielectric layer comprises at least one of silicon oxynitride, silicon 
nitride and titanium oxide. 

31. The coated article of claim 27, wherein each of the first and second 
contact layers comprises at least one of NiCr, NiCrO x and NiCrN x . 

32. The coated article of claim 27, wherein the coated article has color 
characterized by: a transmissive a* value from -4.0 to +2.0, a transmissive b* value 
from -3.0 to +2.0. 

33. The coated article of claim 32, wherein the coated article has color 
characterized by at least one of a transmissive a* value from -2.5 to +1.0, and a glass 
side reflective a* value from -3.0 to +1.0. 

34. The coated article of claim 27, wherein the second dielectric layer 
comprising titanium oxide is index graded so that an index of refraction n of the 
second dielectric layer comprising titanium oxide changes from a first value in a first 
portion of the second dielectric layer to a smaller second value in a second portion of 
the second dielectric layer, wherein the second portion of the second dielectric layer 
comprising titanium oxide with the smaller index of refraction n is further from the IR 
reflecting layer than is the first portion of the second dielectric layer. 

35. The coated article of claim 27, further comprising a fourth dielectric 
layer comprising silicon oxide provided over each of the first, second and third 
dielectric layers. 

36. The coated article of claim 35, wherein the fourth dielectric layer 
comprising silicon oxide is in contact with the third dielectric layer comprising silicon 
oxynitride. 
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37. The coated article of claim 35, further comprising a fifth dielectric 
layer comprising silicon nitride located between the first dielectric layer and the first 
contact layer. 

38. The coated article of claim 27, wherein the third dielectric layer 
comprising silicon oxynitride is at least one of oxidation graded and nitrogen graded, 
so that an index of refraction n of the third dielectric layer comprising silicon 
oxynitride changes from a first value in a first portion of the third dielectric layer to a 
smaller second value in a second portion of the third dielectric layer, wherein the 
second portion of the third dielectric layer comprising silicon oxynitride with the 
smaller index of refraction n is further from the IR reflecting layer than is the first 
portion of the third dielectric layer. 

39. A coated article including a coating supported by a glass substrate, the 
coating comprising: 

a metallic infrared (IR) reflecting layer comprising silver sandwiched 
between first and second contact layers each of which contacts the IR reflecting layer; 

a first dielectric layer having an index of refraction n <= 3.0 provided 
between the IR reflecting layer and the glass substrate; 

a second dielectric layer comprising silicon oxynitride provided over 
the JR reflecting layer; 

a third dielectric layer comprising silicon oxide provided over the IR 
reflecting layer; and • 

wherein the second dielectric layer comprising silicon oxynitride is 
provided between the IR reflecting layer and the third dielectric layer comprising 
silicon oxide. 

40. The coated article of claim 39, wherdin the second and third dielectric 
layers contact one another, and wherein the first dielectric layer comprises one of 
titanium oxide and silicon nitride. 
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41. The coated article of claim 39, wherein the coated article has a visible 
transmission of at least 70%, a sheet resistance (R s ) of no greater than 20 
ohms/square, and a glass side reflectance <=15%. 

42. The coated article of claim 39, wherein the coated article has a visible 
transmission of at least 74%. 

43. The coated article of claim 39, wherein the first dielectric layer 
comprises titanium oxide and the silicon oxide comprises Si02. 

44. The coated article of claim 39, wherein each of the first and second 
contact layers comprises Ni and Cr. 

45. The coated article of claim 39, wherein the coated article has color 
characterized by: a transmissive a* value from -4.0 to +3.0, a transmissive b* value 
from -5.0 to +4.0, a glass side reflective a* value from -5.0 to +3.0, and a glass side 
reflective b* value from -6.0 to +4.0. 

46. The coated article of claim 39, wherein the coated article has color 
characterized by at least one of a transmissive a* value from -2.5 to +1.0, and a glass 
side reflective a* value from -3.0 to +1.0. 

47. The coated article of claim 39, wherein the second dielectric layer 
comprising silicon oxynitride is at least one of oxidation graded and nitrogen graded, 
so that an index of refraction n of the second dielectric layer comprising silicon 
oxynitride changes from a first value in a first portion of the second dielectric layer to 
4 smaller second value in a second portion of the second dielectric layer, wherein the 
second portion of the second dielectric layer comprising silicon oxynitride with the 
smaller index of refraction n is further from the IR reflecting layer than is the first 
portion of the second dielectric layer. 
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48. The coated article of claim 39, further comprising a fourth dielectric 
layer comprising silicon nitride provided between the IR reflecting layer and the 
substrate. 

49. The coated article of claim 39, further comprising a fourth dielectric 
layer comprising silicon nitride provided between the IR reflecting layer and the 
second dielectric layer comprising silicon oxynitride. 

50. The coated article of claim 49, further comprising a fifth dielectric 
layer comprising silicon nitride provided between the IR reflecting layer and the 
substrate. 

51. The coated article of claim 49, wherein the first dielectric layer 
comprises titanium oxide. 

52. A coated article including a coating supported by a glass substrate, the 
coating comprising: 

a metallic infrared (IR) reflecting layer comprising silver sandwiched 
between first and second contact layers each of which contacts the IR reflecting layer; 

a first dielectric layer having an index of refraction n <= 3.0 provided 
between the IR reflecting layer and the glass substrate; 

a second dielectric layer comprising silicon oxynitride provided over 
the IR reflecting layer, and 

wherein the coated article has a visible transmittance of at least 70% 
and a sheet resistance (R s ) <= 20 ohms/square. 

53. The coated article of claim 52, wherein the second dielectric layer 
comprising silicon oxynitride is deposited in a manner so as to have an index of 
refraction of from 1.6 to 1.9. 



42 



WO 03/048061 



PCTAJS02/37666 



54. The coated article of claim 52, wherein the second dielectric layer 
comprising silicon oxynitride is at least one of oxidation graded and nitrogen graded, 
so that an index of refraction n of the second dielectric layer comprising silicon 
oxynitride changes from a first value in a first portion of the second dielectric layer to 
a smaller second value in a second portion of the second dielectric layer, wherein the 
second portion of the second dielectric layer comprising silicon oxynitride with the 
smaller index of refraction n is further from the IR reflecting layer than is the first 
portion of the second dielectric layer. 

55. The coated article of claim 52, wherein the first dielectric layer 
comprises titanium oxide. 

56. The coated article of claim 52, wherein the coated article has a visible 
transmission of at least 74%. 

57. The coated article of claim 52, wherein the coated article has a visible 
transmission of at least 77%. 

58. The coated article of claim 52, wherein the coated article exhibits color 
characterized by a transmissive a* value from -4.0 to +2.0, and a glass side reflective 
a* value from -3.0 to +1.0. 

59. The coated article of claim 52, wherein the first and second contact 
layers each comprise Ni and Cr. 

60. The coated article of claim 52, wherein the IR reflecting layer 
comprising silver is from 30-200 A thick. 

61. The coated article of claim 1, wherein the IR reflecting layer comprises 
Ag and is from about 50-160 A thick. 
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62. A coated article including a coating supported by a substrate, the 
coating comprising: 

a layer comprising Ag located between first and second contact layers 
which contact the layer comprising Ag; 

a first dielectric layer having an index of refraction n <= 3.0 provided 
between the substrate and the layer comprising Ag; 

a second dielectric layer having an index of refraction n=2. 1-2.7 
provided over the layer comprising Ag; 

a third dielectric layer having an index of refraction n=l .6-1.9 provided 
over the layer comprising Ag; 

a fourth dielectric layer having an index of refraction n= 1.4- 1.7 
provided over the layer comprising Ag; 

wherein the third dielectric layer is provided between the second and 
fourth dielectric layers; and 

wherein the coated article has a visible transmission of at least 70%, a 
sheet resistance (R s ) <= 20 ohms/sq., and color characterized by a transmissive a* 
value from -4.0 to +2.0, a transmissive b* value from -5.0 to 44.0, a glass side 
reflective a* value from -5.0 to +3.0, and a glass side reflective b* value from -6.0 to 
+4.0. 

63. . The coated article of claim 62, wherein the third dielectric layer 
comprises an oxynitride. 

64. The coated article of claim 63, wherein the third dielectric layer 
comprises silicon oxynitride and wherein at least one of the first and second dielectric 
layers comprises titanium oxide. 

65. The coated article of claim 63, wherein each of the first and second 
contact layers comprise Ni and Cr. 
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66. A coated article including a coating supported by a substrate, the 
coating comprising: 

a layer comprising Ag located between first and second contact layers 
which contact the layer comprising Ag; 

a first dielectric layer having an index of refraction n <= 3.0 provided 
between the substrate and the layer comprising Ag; 

a second dielectric layer having an index of refraction n=2. 1-2.7 
provided over the layer comprising Ag; 

a third dielectric layer having an index of refraction n= 1.4- 1.7 provided 
over the layer comprising Ag and over the second dielectric layer; and 

wherein the coated article has a visible transmission of at least 70%, a 
sheet resistance (R s ) <= 25 ohms/sq., and color characterized by a transmissive a* 
value from -4.0 to +2.0, a transmissive b* value from -5.0 to +4.0, a glass side 
reflective a* value from -3.5 to +3.5, and a glass side reflective b* value from -6.0 to 
+4.0. 

67. The coated article of claim 66, wherein the second dielectric layer 
comprises titanium oxide and the third dielectric layer comprises silicon oxide. 

68. The coated article of claim 67, wherein the first dielectric layer 
comprises one of silicon nitride and titanium oxide. 

69. The coated article of claim 68, wherein at least one of the contact 
layers comprises Ni and Cr. 
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